STRUCTURE OF RADIO FREQUENCY VARIABLE CAPACITOR AND 
METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a variable capacitor. More 

particularly, the present invention relates to a structure of a radio frequency 
variable capacitor to improve a quality factor while using a CMOS process, 
and a method of manufacturing the same. 

2. Description of the Related Art 

[0002] In a mobile communication system, a radio frequency (RF) block is 

designed to support many frequency bandwidths. In particular, a variable 
capacitor having a different capacitance for each frequency bandwidth 
should be used as a capacitor used in a filter having a direct relation to a 
frequency bandwidth. In addition, a voltage controlled oscillator (VCO), 
which is one element in an RF block, adjusts a voltage applied to a variable 
capacitor to vary the capacitance thereof, and changes a resonance 
frequency thereby. In this way, the variable capacitor is a very important 
device for a tunable filter or a VCO for the RF block. 

[0003] Meanwhile, according to a recent trend in mobile communication 

systems, an RF IC using a silicon process technology has been developed, 
and problems that are now being faced in designing the RF IC are proper 
modeling of a passive element at a frequency bandwidth of several tens of 
GHz. In particular, it is difficult to integrate a VCO using a passive element 
such as an inductor or a variable capacitor. That is, if the passive element 
is used at an RF bandwidth of several tens of GHz, a quality factor is 
reduced, and as a frequency increases, losses caused by a coupling effect 
and a skin effect with a substrate increase. 

[0004] In order to solve this problem, the prior art discloses a method of 

implementing a variable capacitor using a microelectromechanical system 
(MEMS) technology. The MEMS variable capacitor uses the air as a 
dielectric body and thus has a high quality factor, a wide range of tuning, 
and an ability to be easily compensated for process or temperature 



variations. In addition, the MEMS variable capacitor has low phase noise, 
very low insertion loss and small power consumption. As such, the MEMS 
variable capacitor may be used in a tunable filter requiring a wide dynamic 
range and a VCO requiring low phase noise. 

[0005] However, in spite of its advantages, the MEMS variable capacitor has 

a tuning voltage from at least 5V to several tens of V. Thus, it is very 
difficult to use the MEMS variable capacitor in an existing low power 
consumption element, in particular, a low voltage operating system for a 
CMOS and an RF communication device. Further, an additional process is 
required to integrate the MEMS variable capacitor into a CMOS RF IC, 
thereby increasing costs. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a structure of a radio frequency (RF) 

variable capacitor to improve a quality factor while using a CMOS process 
by reducing an internal parasitic resistance component. 

[0007] The present invention also provides a method of manufacturing a RF 

variable capacitor having the above structure. 

[0008] It is a feature of an embodiment of the present invention to provide a 

structure of a radio frequency (RF) variable capacitor having a variable 
range of capacitance between a first minimum value and a first maximum 
value, the structure including a first capacitor, which has a variable range of 
capacitance between a second minimum value greater than the first 
minimum value and a second maximum value greater than the first 
maximum value, and a second capacitor, which is connected in series to the 
first capacitor and has a capacitance of a fixed value. 

[0009] In the structure, the first capacitor may be a MOS capacitor. 

[001 0] According to another feature of an embodiment of the present 

invention, there is provided a method of manufacturing a radio frequency 
(RF) variable capacitor having a variable range of capacitance between a 
first minimum value and a first maximum value, the method including (a) 
forming a first capacitor, which has a variable range of capacitance between 



a second minimum value greater than the first minimum value and a second 
maximum value greater than the first maximum value, using a MOS process, 
and (b) forming a second capacitor, which is connected in series to the first 
capacitor formed in step (a) and has a capacitance of a fixed value. 
[001 1] It is preferable that the capacitance of the second capacitor is 

determined according to a quality factor of the first capacitor and a variable 
range of capacitance between the second minimum value and the second 
maximum value. 

Also, the second capacitor may be formed of one selected from the 
group consisting of a metal-insulator-metal (MIM) capacitor, a fractal 
capacitor and a polystyrene capacitor. The second capacitor may also be 
formed on a gate electrode of the first capacitor. Alternatively, the second 
capacitor may be formed on a drain or source electrode of the first capacitor. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[001 2] The above and other features and advantages of the present 

invention will become more apparent to those of ordinary skill in the art by 
describing in detail preferred embodiments thereof with reference to the 
attached drawings in which: 

[001 3] FIG. 1 is a graph of quality factor versus frequency; 

[0014] FIG. 2 schematically illustrates a structure of an apparatus to which a 

radio frequency (RF) variable capacitor is applied, according to the present 
invention; 

[0015] FIG. 3 illustrates an example of an equivalent circuit for a RF variable 

capacitor shown in FIG. 2, according to the present invention; 

[0016] FIG. 4 is a graph of quality factor versus frequency for a variable 

capacitor according to the present invention and a prior-art variable 
capacitor, respectively; and 

[0017] FIGs. 5A and 5B are graphs of phase noise versus offset frequency 

in a case that a variable capacitor according to the present invention and a 
prior-art variable capacitor are applied to a VCO, respectively. 
DETAILED DESCRIPTION OF THE INVENTION 



[0018] Korean Patent Application No. 2002-68574, filed on November 6, 

2002, and entitled: "Structure Of Radio Frequency Variable Capacitor And 
Method Of Manufacturing The Same," is incorporated by reference herein in 
its entirety. 

[0019] The present invention will now be described more fully hereinafter 

with reference to the accompanying drawings, in which preferred 
embodiments of the invention are shown. The invention may, however, be 
embodied in different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are provided so 
that this disclosure will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. In the drawings, the 
thickness of layers and regions are exaggerated for clarity. It will also be 
understood that when a layer is referred to as being "on" another layer or 
substrate, it can be directly on the other layer or substrate, or intervening 
layers may also be present. Further, it will be understood that when a layer 
is referred to as being "under" another layer, it can be directly under, and 
one or more intervening layers may also be present. In addition, it will also 
be understood that when a layer is referred to as being "between" two layers, 
it can be the only layer between the two layers, or one or more intervening 
layers may also be present. Like numbers refer to like elements 
throughout. 

[0020] FIG. 1 is a graph of quality factor versus frequency. Referring to 

FIG. 1 , as frequency increases, a quality factor decreases. 

[0021] In a capacitor, a quality factor represents a degree of losses of a 

device and is expressed as an imaginary number part/a real number part of 
impedance. In this case, the imaginary number part represents 
capacitance, and the real number part represents resistance. A quality 
factor at a frequency of over several MHz may be simplified as shown in 
Equation 1 . 

[0022] Q ■= 1 / (2* fRC) (1) 



[0023] Here, R represents parasitic resistance in a capacitor, and C 

represents combination of depletion capacitance and oxide capacitance. 

[0024] In Equation 1 , in order to obtain a high quality factor at a radio 

frequency (RF) bandwidth, a parasitic resistance component in the capacitor 
should be reduced. 

[0025] FIG. 2 schematically illustrates a structure of an apparatus to which a 

radio frequency (RF) variable capacitor is applied, according to the present 
invention. Referring to FIG. 2, the apparatus includes a circuit 21 requiring 
capacitive tuning and a variable capacitor unit 23. Here, the circuit 21 
requiring capacitive tuning includes an RF filter, an amplifier or a voltage 
controlled oscillator (VCO), not shown. When a variable range of 
capacitance between a first minimum value C min i and a first maximum value 
Cmaxi is required, the variable capacitor unit 23 includes a first capacitor 25, 
which has a variable range of capacitance between a second minimum 
value C min 2 greater than the first minimum value C min i and a second 
maximum value C maX 2 greater than the first maximum value C max i, and a 
second capacitor 27, which is connected in series to the first capacitor 25 
and has capacitance of a fixed value Cfj X determined according to a quality 
factor of the first capacitor 25 and a variable range of capacitance between 
the second minimum value and the second maximum value. 

[0026] The first capacitor 25 may be formed by a CMOS capacitor 

manufacturing process, and the second capacitor 27 may be formed by a 
semiconductor manufacturing process, that is, the second capacitor 27 may 
be formed of one selected from a metal-insulator-metal (MIM) capacitor, a 
fractal capacitor or a polystyrene capacitor. The MIM, fractal or polystyrene 
capacitor is linear, has a high quality factor, and is less sensitive to 
temperature variations. 

[0027] The second capacitor 27 may also be manufactured by coating an 

insulating layer on a gate line or a source/drain line extending from a gate 
electrode or a source/drain electrode of the first capacitor 25, which is a 
CMOS capacitor, coating a conductive layer, generating a photoresist layer, 



masking, and etching. Of course, prior to a process of manufacturing the 
second capacitor 27, a predetermined portion of the gate line or the 
source/drain line of the first capacitor 25 is metalized with a first metal. 
Titanium (Ti), platinum (Pt) or silver (Au) may be used as the first metal. 
Silicon dioxide (Si0 2 ) or silicon nitride (SiN) may be used as the insulating 
layer, and silver (Au) may be used as the conductive layer. 

[0028] Capacitance is proportional to the area of two plates forming a 

capacitor and a dielectric constant of a dielectric body between the two 
plates, and is in inverse proportion to the interval between the two plates. 
Thus, desired capacitance of the first and second capacitors 25 and 27 may 
be obtained by performing a tuning process several times by adopting a 
method of varying the area of the two plates or the interval between the two 
plates or varying a dielectric body between the two plates, or experimentally. 
In order to vary the interval between the two plates or the area of the two 
plates, a microactuator using an electrostatic power method, a thermal 
method or an electromagnetic method may be used. In particular, the 
capacitance of the first capacitor 25 may be increased by increasing an area 
thereof. In this way, if the area of the first capacitor 25 increases, a number 
of fingers increases in parallel. As such, gate resistance or source/drain 
resistance and channel resistance are connected to each other in parallel 
such that the entire resistance is reduced. 

[0029] A capacitance of the second capacitor 27 connected in series to the 

gate electrode or the source/drain electrode of the first capacitor 25 is 
determined according to a quality factor of the first capacitor 25 and a 
variable range of capacitance between a second minimum value C min 2and a 
second maximum value 0^x2- In other words, if the quality factor of the 
first capacitor 25 is high, the area of the first capacitor 25 does not need to 
be increased. Thus, the second capacitor 27 having a small capacitance is 
connected to the first capacitor 25. On the other hand, if the quality factor 
of the first capacitor 25 is low, the area of the first capacitor 25 should be 
increased. In this case, in order to obtain a first desired minimum value 
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C mln i and a first desired maximum value C max i, the second capacitor 27 
having a large capacitance is connected to the first capacitor 25. 
[0030] FIG. 3 illustrates an example of an equivalent circuit for a RF variable 

capacitor unit 23 shown in FIG. 2, according to the present invention. The 
equivalent circuit of the first capacitor 25 and the second capacitor 27 may 
be variously implemented depending on a peripheral circuit connected to the 
equivalent circuit. Here, an example in which the second capacitor 27 is 
connected in series to a gate electrode of the first capacitor 25 is shown in 
FIG. 3. 

[0031] Referring to FIG. 3, the first capacitor 25 includes resistors R2, R3, 

and R4, capacitors C4, C5, and C6, and inductors L2 and L3. The second 
capacitor 27 includes a resistor R1 , capacitors C1 , C2, and C3, and an 
inductor L1 . The resistor R1 represents serial parasitic resistance of the 
second capacitor 27, the capacitor C1 represents substantial capacitance of 
the second capacitor 27, the capacitors C2 and C3 represent parasitic 
capacitance of a substrate, and the inductor L1 represents serial parasitic 
inductance of the second capacitor 27. Meanwhile, the resistor R2 
represents parasitic resistance of the substrate, the resistor R3 represents 
MOS channel resistance, the resistor R4 represents parasitic resistance of a 
source/drain electrode (S/D) 33, the capacitor C4 represents substantial 
variable capacitance of the first capacitor 25, the capacitor C5 represents 
parasitic capacitance of the substrate, the capacitor C6 represents overlap 
capacitance, the inductor L2 represents parasitic inductance of a gate 
electrode (G) 32, and the inductor L3 represents parasitic inductance of the 
source/drain electrode (S/D) 33. Here, reference numerals 31 and 33 
respectively denote first and second electrode terminals connected to the 
circuit 21 requiring capacitive tuning of FIG. 2. 

[0032] Parasitic resistance and capacitance are factors of adjusting a quality 

factor of the variable capacitor unit 23 according to the present invention. 
As seen from the above structure, the first capacitor 25 having a variable 
range of capacitance between a second minimum value C min 2 greater than 
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the first desired minimum value C min i and a second maximum value C maX 2 
greater than the first desired maximum value C max i, or, the capacitor C4, 
and the second capacitor 27 having capacitance of a predetermined fixed 
value Cfix, that is, the capacitor C1, are connected in series to each other 
such that a variable range of capacitance between a first minimum value 
C m jni and a first maximum value C ma xi may be obtained. 

[0033] Meanwhile, the resistors R3 and R4 of the first capacitor 25 

correspond to a parasitic resistance component, and the resistor R1 of the 
second capacitor 27 corresponds to a parasitic resistance component. The 
parasitic resistance component of the second capacitor 27 is much smaller 
than the parasitic resistance component of the first capacitor 25, and thus 
may be ignored. Therefore, only the parasitic resistance component of the 
first capacitor 25 may be considered. Capacitance of the first capacitor 25 
having the variable range of capacitance between the second minimum 
value Cmi n 2 and the second maximum value Cmax2 increases while a 
resistance component is reduced to be proportional to the number of fingers. 
Whereas a case where a single variable capacitor is designed to have a 
variable range of capacitance between a first minimum value C min i smaller 
than the second minimum value C min 2 and a first maximum value C max i 
smaller than the second maximum value C maX 2. Thus, the resistors R3 and 
R4, which are parasitic resistance components of the first capacitor 25, are 
reduced compared to a case where the single variable capacitor is used. 

[0034] In other words, if the first capacitor 25 which is a variable capacitor, is 

connected in series to the second capacitor 27, which is a fixed capacitor, 
the entire parasitic resistance component is reduced, and thus, a quality 
factor increases. 

[0035] FIG. 4 is a graph of quality factor versus frequency for a variable 

capacitor according to the present invention and a prior-art variable 
capacitor, respectively. Data line 41 represents a prior-art single variable 
capacitor, and data line 43 represents a variable capacitor according to the 
present invention. Referring to FIG. 4, in the variable capacitor according 



to the present invention, a quality factor is increased by about three times 
that of the prior-art single variable capacitor. 

[0036] FIGS. 5A and 5B are graphs of phase noise versus offset frequency 

in a case that a variable capacitor according to the present invention and a 
prior-art variable capacitor are applied to a VCO, respectively. The phase 
noise is -80.64 dBc in FIG. 5A and -109.6 dBc in FIG. 5B, at an offset 
frequency 1 00 kHz. In a VCO using the variable capacitor according to the 
present invention, the phase noise is improved by about 30 dBc compared 
to that of a VCO using the prior-art single variable capacitor in FIG. 5B. 

[0037] In this manner, a low quality factor of a variable capacitor occurring at 

an RF bandwidth is improved, and thus, transconductance of an active 
element forming a negative resistance is reduced. As such, phase noise of 
a VCO caused by thermal noise may be reduced, as may power 
consumption taken by the VCO in a RF transceiver. 

[0038] As described above, in the structure of the variable capacitor 

according to the present invention, a parasitic resistance component is 
reduced such that a quality factor is increased and phase noise and power 
consumption of a circuit requiring capacitive tuning using the structure of the 
variable capacitor may be reduced. In addition, the variable capacitor is 
manufactured using a CMOS process such that it is easy to make the 
variable capacitor as one chip having another CMOS circuit. 

[0039] Preferred embodiments of the present invention have been disclosed 

herein and, although specific terms are employed, they are used and are to 
be interpreted in a generic and descriptive sense only and not for purpose of 
limitation. Accordingly, it will be understood by those of ordinary skill in the 
art that various changes in form and details may be made without departing 
from the spirit and scope of the present invention as set forth in the following 
claims. 



